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ABSTRACT 

The electronic properties are important regarding the 

protective character of passive films on metals that exhibit a 

semiconductor or insulator behavior [1-6]. Several studies 

can be found in the literature on the semiconductivity of 

passive iron [7-10], for which n-type semiconductivity has 

been proven. For passive chromium, results in the literature 

suggest that, although the properties may change deeply with 

the conditions of film formation and applied potential, the 

electronic behaviour tends to correspond to a p-type 

semiconductor [5,11,12]. Passivity of stainless steels is 

usually attributed to the formation of a chromium-enriched 

oxide thin film on the surface. 

Most of the characterisation of oxide films has been either on 

anodic films or on films formed thermally [4,6]. This work 

deals with conversion films formed by chemical deposition 

from chromic acid solution plus heat treatment, on a stainless 

steel substrate [13]. By varying the temperature of the 

treatment, four types of structures were produced: 

amorphous, corundum- phase, spinel- phase and mixed oxide 

films. The films were studied in a borate-boric acid buffer 

solution (pH 8.4) by Mott-Schottky plots and photocurrent 

measurements. The amorphous films presented metall ic 

behaviour. For the crystall ine films both n- and p-type 

semiconductivity were observed, respectively above and 

below an apparent flatband potential. Doping densities 

evaluated from Mott-Schottky plots stand below 1020 cm-3 

for the crystall ine films, and decreased with the treatment 

temperature. 

In contrast with the anodic films reported in literature, these 

conversion films presented direct and indirect electronic 

transitions. The photocurrent study revealed three different 

transitions. A sub-gap transition at 2.0 eV was associated 

with the iron transition [14]. Above the gap, an indirect 

transition at 2.9 eV and a direct transition at 3.5 eV were 

found for films treated at 973 K and at 1073 K, and can be 

associated with Cr2O3 [5]. The film treated at 1223 K (spinel 

oxide) revealed distinct behavior in terms of 

photoelectrochemical response, with a transition at 4.2 eV. 

A bi-polar model for the semicondutivity of the films was 

derived from these results. In this model, the films were 

described as thick layers of chromium oxide, containing iron 

and manganese. The existence of cation vacancies near the 

surface can be responsible for the n-type semicondictivity, 
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whereas excess of cations in the inner part justifies the 

observed p-type semiconductivity. 
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